Abstract. This paper takes the application of complex network theory approach in cognitive wireless networks as the basic background, and discusses the key technologies of cognitive wireless networks based on complex network theory. The basic goal is to optimize the cognitive wireless network's end-to-end performance. . This paper aims at the theoretical and applied research needs of cognitive wireless networks. The results of previous pre-researches are the basic starting point to study the relationship between network transport performance optimization, topology control and routing strategies based on complex network theory in cognitive wireless networks. The basic breakthroughs provide new research methods, research ideas and theories for the study of topology control theory and routing strategies in cognitive wireless networks.
making it difficult for traditional stochastic network models to describe their topological characteristics objectively. Therefore, the theory of complex networks provides a new perspective and thinking for the study of wireless networks. The relationship between wireless networks and complex networks and the application of complex network theory in wireless networks have attracted the attention of some scholars.
Research Status
Currently, as the demand for wireless communication services grows rapidly, available spectrum resources become increasingly scarce. People use the advanced wireless communication theories and technologies, such as link adaptation technology and multi-antenna technology, to increase the efficiency of spectrum utilization to ease the pressure of spectrum shortage. At the same time, the actual measurement results show that there is a very serious phenomenon of idle and wasted spectrum resources allocated. The statistical results show that the global licensed frequency band, especially the low frequency band with better signal propagation characteristics, has extremely low spectrum utilization. In the fixed spectrum allocation strategy, authorized users have exclusive rights to the spectrum. Even if the spectrum is idle, other users cannot use it. In fact, the authorized user's service is bursty, its use of the spectrum is intermittent, and the spectrum is often idle. Therefore, the efficient and dynamic allocation and management of spectrum resources is an important way to significantly increase the utilization of spectrum resources, which is conducive to the resolution of the "shortage" and "waste" of the spectrum.
Because the cognitive radio technology can utilize the cognitive function of the node, perceive the wireless environment, and achieve the dynamic spectrum access through intelligent analysis and decision, it has received great attention from the industry. In 1999, Mitola put forward the concept of cognitive radio based on Software Defined Radio (SDR). He believes that wireless terminals should have sufficient intelligence or cognitive ability to obtain optimal strategies by detecting, analyzing, learning, reasoning, and planning by integrating the history and current conditions of the surrounding wireless environment. After obtaining the environmental information, the system reconfigures the wireless link transmission parameters, such as frequency, modulation method, transmission power, etc., to realize high-quality wireless transmission.
Cognitive Wireless Network Topology Control
Topology is a fundamental problem in communication networks. The so-called topology control, in short, is to provide a good network topology for the network. Topological control research is not only to make it can save energy effectively, thus prolonging the network's lifetime, but also has important significance for reducing communication interference, increasing network capacity and improving the efficiency of MAC protocol and routing protocol. In a multi-hop wireless network, data packets reach a destination node via multi-hop continuous wireless links. The topology of a multi-hop wireless network refers to a set of communication link combinations between node pairs obtained through an explicit/implicit routing mechanism. . An important difference between cognitive wireless networks and cognitive radios is that cognitive wireless networks aim at end-to-end performance. At this point, topology control is particularly important in the network it constitutes.
In a cognitive wireless network, in order to avoid PU interference, the SU needs to give up the corresponding channel when the PU accesses the channel. This has a certain impact on the overall performance of the cognitive wireless network. The reasons are: (1) The active area of the PU is generally larger than the active area of the SU, so that the presence of the PU affects the SU that will transmit data; (2) In order to obtain other available spectrum, the SU needs to spend some time to sense the free spectrum, Neighbor discovery and channel switching; (3) Channel switching will bring some chain reaction, such as cascade switching of multiple SUs. Because the activity of the PU is more difficult to predict, in particular, in a multi-hop cognitive wireless network, if the connection between all the links is affected by the activity of the PU, the network partition is highly likely to occur, resulting in packet loss and The end-to-end delay of the affected SU data packets reduces the overall performance of the cognitive wireless network. Therefore, in a cognitive wireless network, the topology control is more complicated, and it is affected by the interference of the PU and the available links in a period of time.
Cognitive Radio Network Routing Protocol
Routing technology is the key technology at the network layer. For cognitive radio systems, the spectrum resources used by users are uncertain. Due to the time and spatial discontinuity of the spectrum, the nodes that are communicating may break the connection due to the appearance of the PU, and the available frequency set of each node. It is dynamic and heterogeneous, making the routing in cognitive radio networks much more complex than traditional networks. In addition to considering the energy, distance, etc., the route design of the cognitive network must also consider the perceptual characteristics of the SU, the interference to the PU and other factors, so that the path of the SU transmission data can avoid the PU. In addition, there may be multiple available frequency resources for the SU. How to effectively coordinate the frequency resources between source destination nodes is also a factor that should be considered. Therefore, the routing protocol of the traditional multi-hop wireless network cannot be directly applied to the CRN, and a new routing protocol needs to be designed for it.
Research on Wireless Network Based on Complex Network Theory
In recent years, as a new research field, complex networks can be used to describe a wide variety of real systems in nature, attracting the attention of more and more researchers at home and abroad. Complex networks have small-world characteristics and scale-free characteristics, and their basic theories are penetrating social networks, computer networks, power networks, and protein networks. With the development of information technology, the network becomes more and more complex. How to seek a research method that can meet the needs of users and save network resources to improve network performance in a complicated and changeable network environment has become a topic of concern to researchers. . As a tool to study complex systems, complex networks can be used to model and analyze complex information networks, draw useful conclusions, guide people's practices, and improve the overall performance of information networks.
With the development of wireless communication technologies, wireless networks have become more and more complicated. It manifests itself in the complexity of the network structure, the dynamic changes of the network topology, the complexity of the nodes, and the rapid development of wireless access technologies, which makes it possible that there may be multiple heterogeneous nodes in a network, and the state of the nodes changes with time. The application of complex networks in wireless networks has attracted the attention of some scholars.
Core Problems and Research Ideas in the Current Status of Research
To sum up, problems such as topology control problems, routing problems, and performance research of cognitive wireless networks based on complex network theory are undoubtedly the focus of attention in cognitive wireless networks at home and abroad. However, most of the research work lacks systemic research. The ideas and research methods do not fully take into account the particularities of cognitive wireless networks, such as spectrum opportunistic access, PU activity, link indirect connectivity, and diversification of SU requirements. This is exactly what the project is trying to do in-depth research.
Through observation and research, it is found that social networks can be found more successfully through the characteristics of complex networks. Through the discovery of social networks, we can conduct detailed user behavior analysis and research, so as to statistically evaluate and evaluate the application traffic and its traffic characteristics. Knowledge of user behaviors, etc., discovers and constructs network topologies that are commensurate with them, which will affect network topology control and structural stability, thus helping to determine the management link relationships, spectrum resources, etc. This research will be studied in depth. Cognitive wireless networks provide new theoretical foundations and research methods. Although the previous study of this project team has done some work in this area, it is only an exploratory study and lacks precision and depth. There are still many problems to be solved.
